Introduction
============

GP88/Progranulin (GRN/PGRN), also known as teratoma PC cell-derived growth factor/PCDGF, acrogranin, granulin/epithelin precursor, is an 88-kD glycoprotein reported as an autocrine proliferation and survival factor for several cancer types.[@b1-cmar-10-4173] The *PGRN* gene was first cloned from human bone marrow and revealed 71/2 tandem double cysteine-rich granulin domains.[@b2-cmar-10-4173] GP88/PGRN stimulates proliferation in mesenchymal and epithelial cells via activation of different kinase pathways, such as mitogen-activated protein kinase (Erk1/2), phosphatidylinositol 3′-kinase, and focal adhesion kinase pathways.[@b3-cmar-10-4173],[@b4-cmar-10-4173] Its overexpression is associated with several drug resistance mechanisms in breast cancer cells, ie, it confers trastuzumab resistance to Her2-overexpressing cells, letrozole resistance to aromatase overexpressing cells, tamoxifen resistance in MCF7 cells, doxorubicin resistance in MCF7 cells, and also resistance to dexamethasone in human multiple myeloma.[@b4-cmar-10-4173]--[@b9-cmar-10-4173] Elevated serum GP88 levels have been reported in patients with rheumatoid arthritis, breast cancer, lung cancer, malignant lymphoma, and ovarian cancer.[@b10-cmar-10-4173]--[@b14-cmar-10-4173] A recently published study carried out with a cohort of Korean patients indicated that serum GP88 levels were clinically significant for predicting recurrence in patients with hormone receptor-positive breast cancer during adjuvant tamoxifen therapy.[@b15-cmar-10-4173]

Concerning prostate cancer (PCa), published in vitro biological studies have reported that GP88/PGRN promotes cell growth, migration, and anchorage-independent growth.[@b16-cmar-10-4173] In addition, pathological studies on GP88 expression have indicated that while GP88 expression is negative in normal prostate epithelium prostatic intraepithelial neoplasia (PIN) lesions, GP88 expression was significantly increased in PCa lesions.[@b17-cmar-10-4173] However, serum GP88 levels have not been investigated in PCa patients. The present study investigated whether there were differences in the level of circulating GP88/PGRN levels using a GP88-specific enzyme immunosorbent assay (EIA).

Patients and methods
====================

Patients
--------

One hundred forty-two prostate carcinoma patients were recruited to this study, which was positively evaluated by the local ethics committee of the Medical Faculty of the Martin Luther University and is in accordance with the precepts established by the Declaration of Helsinki. All patients gave written informed consent. Twenty-five patients developed distant metastases and two patients already had metastases when the blood sampling was performed. The patients are part of the cohort that has been previously described[@b18-cmar-10-4173] ([Tables 1](#t1-cmar-10-4173){ref-type="table"} and [S1](#SD1-cmar-10-4173){ref-type="supplementary-material"}).

Preanalytical sampling
----------------------

Ten microliters of venous blood was obtained during patient follow-up and immediately processed by centrifugation at 400×*g*. Serum was transferred in a separate reaction tube and stored at −80°C. For about 70% of the patients, blood sampling occurred before surgery or treatment. Further, blood sampling details are given in [Table S2](#SD2-cmar-10-4173){ref-type="supplementary-material"}. Serum GP88 level was not different between the blood sampling groups (Kruskal--Wallis test: *P*=0.181; data not shown).

GP88 EIA
--------

Serum GP88 levels were determined by a quantitative GP88 sandwich EIA developed and manufactured by A&G Pharmaceutical Inc., Columbia, MD, USA, as described previously,[@b10-cmar-10-4173] using the antihuman GP88 6B3 monoclonal antibody as coating antibody (10 µg/mL) and rabbit polyclonal 37 k antibody as detection antibody. Standard samples (consisting of human GP88 at concentrations from 0 to 20 ng/mL) were measured in duplicates and patients and control samples in triplicates. EIA reaction was measured by absorbance readout at 620 nm on a GENios Microplate Reader (Tecan, Männedorf, Switzerland), and serum GP88 levels were quantified against the human GP88 standard curve.

Statistics
----------

Statistics were performed with SPSS 20.0 (IBM, Ehningen, Germany). Distribution of serum GP88 levels between different groups \[Gleason score (GS)\] was compared with nonparametric tests (Mann--Whitney U-test; Kruskal--Wallis test). Serum GP88 concentrations and patients' age were divided according to the median and groups were compared by chi-squared tests (Fisher's exact test). Diagnostic applicability was analyzed by receiver operating characteristics (ROCs). Survival analyses were performed with Kaplan--Meier analyses and univariate/multivariate Cox's regression analyses. Overall survival (OS) was considered from the date of serum collection (that was applied for the analysis of GP88 levels) to the last contact (death or last follow-up date).

Results
=======

Expression of GP88 in serum of PCa patients
-------------------------------------------

Serum of 142 PCa was analyzed for GP88 levels by EIA. The PCa patients showed a mean level of 48.67 ng/mL (median: 44.56 ng/mL; range 0--208.48 ng/mL).

Correlation of GP88 levels with clinicopathological parameters
--------------------------------------------------------------

Serum GP88 level was not different in PSA level groups (\<4 ng vs ≥4 ng) or tumor stage groups (T1/2 vs T3/4) but was different with borderline significance in age groups (≤66 years vs \>66 years; *P*=0.068) in nonparametric tests.

Next, PCa patients were separated by their median of serum GP88 level in two groups (low: ≤44.56 ng/mL vs high levels: \>44.56 ng/mL). Low serum GP88 levels were more often detected in younger patients (≤66 years) and high levels in elder patients (\>66 years; *P*=0.018; Fisher's exact test).

The Gleason scores (GS) of the PCa patients were separated into three groups; GS≤6, GS=7, and GS≥8. In PCa patients with GS≤6, serum GP88 levels were lower (mean 41.8 ng/mL; median: 40.5 ng/mL) than in patients with GS=7 (mean: 52.2 ng/mL; median 46.6 ng/mL). The serum GP88 levels for patients with GS=7 were comparable with levels observed in GS≥8 patients (mean: 51.5 ng/mL; median: 45.2 ng/mL). The GP88 levels appeared as not equally distributed between the three GS groups (*P*=0.043; Kruskal--Wallis test). Interestingly, in ROC analyses using serum GP88 levels, it was possible to distinguish GS≤6 from GS=7 \[area under the curve (AUC): 0.646; *P*=0.018; [Figure 1](#f1-cmar-10-4173){ref-type="fig"}\] and GS≤6 from GS≥8 (AUC: 0.629; *P*=0.048; [Figure 1](#f1-cmar-10-4173){ref-type="fig"}) but not GS=7 from GS≥8.

Association of GP88 levels with OS in PCa patients
--------------------------------------------------

An optimal serum GP88 cutoff level of 36.92 ng/mL was determined by ROC analysis for all PCa patients and the younger PCa patients. Kaplan--Meier analysis revealed that for all PCa patients the group with a lower GP88 levels (≤36.92 ng/mL) had a significantly longer OS of 111.9 months (95% CI: 102.8--121.2 months) than the group with higher levels (\>36.92 ng/mL) with an OS of 88.8 months (95% CI: 77.6--100.1 months; *P*=0.010; log-rank test, Kaplan--Meier analysis; [Table 2](#t2-cmar-10-4173){ref-type="table"}). Univariate Cox's regression analysis showed that the group with higher GP88 levels possessed a 3.3-fold increased risk of death (*P*=0.015) compared with the low-level GP88 group ([Table 2](#t2-cmar-10-4173){ref-type="table"}). In a multivariate Cox's regression backward analysis (adjusted for Gleason grade and tumor stage), the tumor stage \[relative risk (RR) = 2.7; *P*=0.018\] and GP88 level (RR=3.0; *P*=0.032) remained as independent prognostic factors ([Table 2](#t2-cmar-10-4173){ref-type="table"}).

After separating the PCa patients into two groups according to the median age, the younger patients with a low serum GP88 level (≤36.92 ng/mL) had a significantly better prognosis with a mean OS of 119.9 months (95% CI: 114.1--125.7 months) compared with the younger patients with higher GP88 levels (\>36.92 ng/mL) who had a mean OS of 100.7 months (95% CI: 86.0--115.5 months; *P*=0.024; log-rank test; Kaplan--Meier analysis; [Figure 2](#f2-cmar-10-4173){ref-type="fig"}; [Table 2](#t2-cmar-10-4173){ref-type="table"}).

Univariate Cox's regression analysis revealed that higher GP88 level in younger patients was associated with a 7.75-fold increased risk of death, although only with a border line significance (*P*=0.054) probably due to the limited number of patients in the study ([Table 2](#t2-cmar-10-4173){ref-type="table"}). However, there was no association between serum GP88 levels and OS in elder patients (*P*=0.337, log-rank test; [Table 2](#t2-cmar-10-4173){ref-type="table"}) and no association between GP88 levels and tumor-specific survival for all patients or all age patient groups (data not shown).

Discussion
==========

GP88/PGRN has been shown to be a critical driver of tumorigenesis in several cancer types.[@b19-cmar-10-4173] In particular, biological studies have established that GP88 plays a major role in stimulating survival, angiogenesis, drug resistance, migration, and invasion, all hallmarks of tumor aggressiveness and poor prognosis.[@b20-cmar-10-4173],[@b21-cmar-10-4173] Pathological studies have also shown that for several types of cancer, GP88 was overexpressed in tumor biopsies, whereas it was not expressed in normal tissues and/or benign lesions.[@b22-cmar-10-4173] Additionally, elevated serum or plasma levels have been reported in breast, lung, lymphomas, and ovarian cancers.[@b10-cmar-10-4173],[@b11-cmar-10-4173],[@b13-cmar-10-4173],[@b14-cmar-10-4173] Both biological and pathological studies have underscored the role of GP88 expression in PCa.[@b16-cmar-10-4173],[@b17-cmar-10-4173],[@b19-cmar-10-4173] However, up to now, no investigation of GP88 levels in serum of PCa patients had been undertaken. In the present study, we examined serum GP88 levels in PCa patients. The detected mean GP88 levels (48.67 ng/mL) were comparable with the levels detected in patients with breast cancer (45.3 ng/mL), lung cancer (49.9 ng/mL), rheumatoid arthritis (50.2 ng/mL), and osteoarthritis (45.4 ng/mL) but slightly increased compared with published serum GP88 levels in healthy subjects (28.7±5.8 ng/mL).[@b11-cmar-10-4173],[@b12-cmar-10-4173],[@b14-cmar-10-4173] Interestingly, we detected for the first time that serum GP88 levels were age associated, ie, increased in elder PCa patients. However, previous studies have not shown an age association with serum GP88 levels in healthy male volunteers (N=260; mean age 50 years) or in breast cancer patients (N=189, median age 51 years).[@b11-cmar-10-4173],[@b12-cmar-10-4173] GP88 levels in GS=7 and GS≥8 PCa patients were significantly increased compared with GS≤6 PCa patients. This finding would suggest that serum GP88 determination could provide complementary information to the GS evaluation. However, other diseases such as rheumatoid arthritis and osteoarthritis, found preferentially in an older population, also show elevated serum GP88 levels. Therefore, further studies are required to evaluate the relationship between age/GS and GP88 levels in PCa patients, particularly in older populations where these diseases maybe more prevalent.

When applying an optimized GP88 cutoff level of 36.92 ng/mL based on ROC analysis, it was found that PCa patients could be stratified into two groups with better or worse OS. We could show for the first time that a low GP88 level was significantly associated with better OS in PCa patients. PCa patients with high(er) GP88 levels had a significantly increased risk of death (RR=3.0). Multivariate Cox's regression analysis showed that serum GP88 level was an independent prognostic factor for OS in PCa patients. It is interesting to note that in younger patients (N=71), low GP88 levels were significantly associated with a better prognosis when compared with patients with higher serum GP88. In fact, the low levels of GP88 in the younger PCa patients (19.61--36.92 ng/mL; [Table 1](#t1-cmar-10-4173){ref-type="table"}) were rather comparable with those reported in healthy subjects (28.7±5.8 ng/mL). But the high levels of GP88 in the younger patients (\>36.92--147.04 ng/mL) associated with shorter OS were in almost all cases above the levels previously reported in healthy subjects.[@b11-cmar-10-4173],[@b14-cmar-10-4173] It is surprising to note that there was no association between the GP88 levels and OS in the elder patient group. However, it is conceivable that this could be due to the fact that the OS of the older population is expectedly shorter than that of the younger population. It is also possible that GP88 levels may play different roles in prostate biology in younger and older patients.

Furthermore, in addition to its role as prognostic factor, GP88 shows potential as therapeutic target. In particular, inhibition of GP88 in urothelial cancer cells resulted in the inhibition of cell migration, invasion, and anchorage-independent growth in vitro, and it resensitized urothelial cancer cells to cisplatin. Moreover, urothelial cells stably transfected with GP88/PGRN shRNA displayed a reduction of tumor growth in xenograft and orthotopic mouse tumor models.[@b23-cmar-10-4173]

Altogether, the analysis of GP88 levels in a liquid biopsy, ie, the serum of PCa patients, may provide additional information to better assess tumor differentiation and prognosis especially in younger PCa patients in a noninvasive way.

Supplementary materials
=======================

###### 

Treatment options

  Treatment options       N
  ----------------------- ----
  Radical prostatectomy   59
  Radiation               26
  Chemotherapy            15
  TUR-P                   11
  TUR-P+HIFU              1
  HIFU                    2
  Adenomectomy            1
  Orchiectomy             1
  Varicocele surgery      1
  Lymphadenectomy         1
  No treatment            34

**Abbreviations:** TUR-P, transurethral resection of the prostate; HIFU, high-intensity focused ultrasound.

###### 

Blood sampling

  Blood sampling                          N
  --------------------------------------- -----
  Before operation and no pretreatment    58
  Before operation and pretreatment       5
  No operation and no pretreatment        36
  After operation and no treatment        16
  After operation and further treatment   27
  All                                     142
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![ROC analyses: separation of GSs by serum GP88 levels.\
**Notes:** (**A**) Separation of GS≤6 from GS=7 by ROC analysis shows an area under the curve (AUC) of 0.646 (*P*=0.018), (**B**) separation of GS≤6 from GS≥8 shows an AUC of 0.629 (*P*=0.048), and (**C**) separation of GS≤6 from GS\>6 shows an AUC of 0.638 (*P*=0.012).\
**Abbreviations:** GS, Gleason score; PCa, prostate cancer; ROC, receiver operating characteristics.](cmar-10-4173Fig1){#f1-cmar-10-4173}

![Kaplan--Meier analyses.\
**Notes:** Association of OS with GP88 levels in applying an optimized cutoff. A longer OS was significantly associated with a low GP88 level (≤36.92 ng/mL) in all PCa patients (*P*=0.010) and in the younger PCa patient group (*P*=0.024) but not in the elder patient group.\
**Abbreviations:** PCa, prostate cancer; OS, overall survival.](cmar-10-4173Fig2){#f2-cmar-10-4173}

###### 

Clinicopathological data and GP88 levels

                                                       PCa                                                PCa             PCa         GP88 levels   
  ---------------------------------------------------- -------------------------------------------------- --------------- ----------- ------------- ----------
  N                                                    142                                                71              71          42            100
  Age                                                                                                                                               
   Range                                               44--91                                             44--66          67--91                    
   Mean                                                65.8                                               59.94           71.81                     
   Median                                              66.5[a](#tfn1-cmar-10-4173){ref-type="table-fn"}   61.00           70.00                     
   ≤66 years                                           71                                                 71              n.a.        24            47
   \>66 years                                          71                                                 n.a.            71          18            53
  Gleason sum                                                                                                                                       
   ≤6                                                  39                                                 22              17          18            21
   7                                                   52                                                 30              22          11            41
   ≥8                                                  41                                                 15              26          10            31
   Unknown                                             10                                                 4               6           3             7
  Tumor stage                                                                                                                                       
   T1/2                                                95                                                 51              44          26            69
   T3/4                                                44                                                 20              24          16            28
   Unknown                                             3                                                  0               3           0             3
  Distant metastases                                                                                                                                
   M0                                                  31                                                 18              13          9             22
   M1                                                  25                                                 11              14          3             22
   MX                                                  86                                                 42              44          30            56
  PSA                                                                                                                                               
   \<4 ng                                              45                                                 22              23          12            33
   ≥4 ng                                               97                                                 49              48          30            67
   Range[b](#tfn2-cmar-10-4173){ref-type="table-fn"}   0--1,625                                           0--1,625        0--503      0--209        0--1,625
   Mean                                                51.1                                               71.4            30.9        17.2          65.4
   Median                                              6.2                                                5.6             7.8         6.0           6.4
  Overall survival                                                                                                                                  
   Alive                                               112                                                61              51          37            80
   Dead                                                30                                                 10              20          5             20
  Disease-specific survival                                                                                                                         
   Alive                                               132                                                68              64          39            93
   Dead                                                10                                                 3               7           3             7
  GP88 levels (ng/mL)                                                                                                                               
   Range                                               0--208.48                                          19.61--147.04   0--208.48   n.a.          n.a.
   Mean                                                48.67                                              46.03           51.31       n.a.          n.a.
   Median                                              44.56                                              40.60           47.58       n.a.          n.a.

**Notes:**

Younger PCa patients: ≤66 years; elder PC patients: \>66 years (separation according to the median).

PSA level 0: PSA level below cutoff of 0.2 ng/mL.

**Abbreviations:** n.a., not applicable; PCa, prostate cancer; PSA, prostate specific antigen.

###### 

Association of serum GP88 levels with overall survival

                                        Kaplan--Meier analysis   Univariate Cox's regression analysis   Multivariate Cox's regression analysis                     
  ------------------------------------- ------------------------ -------------------------------------- ---------------------------------------- ----------- ----- -----------
  All PCa patients                                                                                                                                                 
   GP88 ≤36.92 ng/mL vs \>36.92 ng/mL   111.9 vs 88.8            **0.010**                              3.3                                      **0.015**   3.0   **0.032**
  Younger PCa patients (≤66 years)                                                                                                                                 
   GP88 ≤36.92 ng/mL vs \>36.92 ng/mL   119.9 vs 100.7           **0.024**                              7.7                                      0.054       7.5   0.076
  Elder PCa patients (\>66 years)                                                                                                                                  
   GP88 ≤36.92 ng/mL vs \>36.92 ng/mL   94.7 vs 72.0             0.337                                  1.7                                      0.343       1.8   0.343

**Note:** Significant values are given in bold face.

**Abbreviations:** PCa, prostate cancer; RR, relative risk.
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